This study describes the frequencies of the first two formants of monophthongs produced by male RP speakers in four age groups: aged 20-25, 35-40, 50-55, and 65-73 years in 2001. The eleven monophthongs were spoken in /hVd/ contexts by five men in each age group. The eleven words, together with nineteen filler words chosen to distract attention from the purpose of the experiment, were randomized four times and read by each speaker in citation form, for a total of 880 items. F1 and F2 frequencies were measured in Hz and ERB-rate. As expected, in younger compared with older speakers, F1 is higher in /E/ and especially /oe/, and F2 is higher in /u…/ and /U/. Other vowels varied in overall dispersion of F1 or F2, but no other differences between age groups were observed. There is evidence that the oldest age group to show change in a vowel's quality has particularly large differences between individuals, so that, collectively, members of that group span much of the quality range from 'conservative' (older groups) to 'progressive' (younger groups). Such so-called 'break groups' have implications for theoretical explanations of sound change.
measurements of RP, often for speech synthesis and sometimes for other purposes, including second-language learning and the theatre. Ideally, men, women and children of different ages would be recorded. The necessarily limited scope of the present study, 1 together with the challenges of vocal-tract normalization and our wish to compare our data with the literature on RP, favoured recording only men. However, a wide span of age groups was included in order to satisfy different applications and research needs, to offer comparability with the literature, and because differences between age groups illustrate intergenerational variation in speech communities and hence have implications for how linguistic innovations are adopted. A limited study such as this one can provide useful starting or corroborative data for more thorough investigations of change in RP. Gimson (1964 Gimson ( , 1980 Gimson ( , 1984 and Wells (1982 Wells ( , 1984 gave detailed impressionistic-phonetic accounts of RP, outlining the changes taking place. For the front monophthongs, especially amongst younger, urban, or innovative speakers, both cited lowering of /oe/ to [a] , and Wells (1982) described /I/ and /E/ as more open and central. Gimson (1984: 49) predicted possible confusion of /oe/ and /Ø/ resulting from fronting of /Ø/. Amongst back monophthongs, Gimson noted that /U/ was only very weakly rounded for many RP speakers, with interesting acoustic and perceptual consequences for the diphthongs /´U/ and /aU/. Wells (1982) described /U/ as centralized and/or unrounded. He further noted that in most English urban speech, including mainstream RP, /u…/ was centralized, and that old-fashioned RP had a more open quality of /O… / (1982: 145) .
RP stressed monophthongs
Impressionistically, the trends observed by Gimson and Wells appear to be continuing still, twenty to forty years later. In particular, and compared with RP of older speakers (hereafter 'old RP'), RP spoken by younger people (hereafter 'young RP') has more open vowels for /E/ and /oe/, and uses a relatively central /u…/ and a fronted and centralized /U/. Describing RP at the start of the 21st century, Cruttenden's revision of Gimson (Cruttenden 2001: 81-83) distinguishes current changes in terms of whether they are almost complete, well-established, or recent innovations. No changes to monophthongs are classed as almost complete, but the loss of schwa in the diphthong /e´/ results in the monophthong /E…/ in words like share, pear. However, because some older speakers use the diphthongal pronunciation, this vowel was excluded from the present study. Well-established changes include the lowering of /oe/ to [a] ; likewise the loss of the schwa off-glide in words like poor, sure, so that the vowel of such words is now [O: ] in the speech of many RP speakers (though recently some of these words are undergoing different innovation (Cruttenden 2001: section 7.4.3) . Fronting of /u…/ to [Ë…] is also described as well-established, while unrounding both /u…/ and /U/ is classed as a recent innovation.
Therefore, current developments in RP appear to include a tendency for peripheral monophthongs to shift in an anticlockwise direction around the vowel quadrilateral. However, not all are shifting. In particular, /A…/ and /O…/ show little obvious sign of a progressive backing and/or raising. Likewise, RP /i…/ seems relatively stable in stressed monosyllabic words, though not necessarily elsewhere. The most obvious qualitative differences between old RP and young RP stressed monophthongs, then, are in /E oe u… U/.
Variation within RP is not completely constrained by age group. Gimson (1980) identified 'conservative', 'general' and 'advanced' varieties, while Wells (1982) distinguished 'U-RP', 'mainstream RP', 'adoptive RP ' and 'near-RP', and Cruttenden (2001) Deterding (1997) from samples of the continuous speech of five female BBC broadcasters. Thus, the British Queen's accent has become closer to mainstream RP, and is moving in the same direction.
Method

Materials
Following the comparable studies by Wells (1962) and Deterding (1990) , each of the eleven monophthongal vowels of RP, /i… I E oe A… Å O… U u… ‰… Ø/, was placed in the context /hVd/ to produce the words heed, hid, head, had, hard, hod, hoard, hood, who'd, herd, hud . These test words along with nineteen monosyllabic filler words (see appendix, table 1) were randomized in two independent lists. Two further lists were made by reversing the order of words in the first two lists, for a total of four repetitions per word. Each list began and ended with at least one filler word, to avoid beginning-and end-of-list effects in reading.
The particular fillers were chosen to distract speakers' attention from the experimental words, in an attempt to encourage natural pronunciation. Since the material was intended to reflect (natural) citation-form pronunciation, fillers were chosen in preference to a carrier phrase in order to minimize coarticulatory influences.
Subjects
The twenty subjects were all male speakers of RP, five in each of four age groups, with the following years of birth : 1928-1936; 1946-1951; 1961-1966; and 1976-1981 . At the time of recording, their ages were 65-73 years; 50-55 years; 35-40 years; and 20-25 years. Each age group, except the oldest, covers a five-year age range; groups are separated by at least ten years in order to maximize the chances of observing shifts in formant frequency.
With one exception in the oldest category, the subjects were students, lecturers, professors and others working within, or retired from, the University of Cambridge. All considered themselves to be RP speakers, and were judged as such by the second author, himself in his twenties and a speaker of somewhat conservative General RP. The speakers had grown up in a wide range of geographical areas, thereby reducing the risk of a regionally-specific feature being interpreted as part of a general trend.
Procedure
In a sound-treated room, subjects read aloud each of the four lists of words, with a short pause between each word, always using a falling intonation if possible. List order was randomized.
Responses were recorded onto DAT using a high-quality microphone.
Analysis
The test words were digitized onto a Silicon Graphics computer at a sampling rate of 16 kHz. The frequencies of the first and second formants were measured for each vowel at its steady state, close to the middle of the vowel if possible. Measurements were made with the Wells (1962) and Deterding (1990) . The lines surrounding each vowel phoneme separate the vowel distributions but have no statistical status.
xwaves+ formant tracker, using 30 ms, 18-pole autocorrelation spectra with a cos**4 window. The step-size for successive spectra was 30 ms. Missed formants were measured manually using both Discrete Fourier Transform (Hanning window) and Burg linear predictive coding (rectangular window) spectra, with a window of 50 ms. Following Syrdal & Gopal (1986) , frequencies in Hz were converted to an auditory scale, the Equivalent Rectangular Bandwidth (ERB-rate), using the formula from Moore (1997) : ERB-rate = 21.4 * log(10) [0.00437
where f is frequency (Hz).
Results
The appendix gives mean frequencies per age group (table 2) and the raw data for each speaker (tables 3 and 4).
Mean group data and comparison with Wells and Deterding
Figures 1 and 2 show the means per age group of speakers' mean values of the first and second formants for each 'target' vowel, for linear frequency (Hz), and ERB-rate respectively. ERBrate, an auditory scale similar to the Bark scale, reflects perception of frequency. Data of Wells (1962) and Deterding (1990) , taken from Cruttenden (2001: 98) , are included in both figures. The lines surrounding each vowel phoneme in figures 1 and 2 simply serve to separate vowels figure 1 , the ERB-rate scale used in figure 2 expands F1 and compresses F2 dimensions relative to one another, and the distributions for phonemes are slightly more distinct. While the principal changes in mean values of the vowels between the four age groups are easily visible in both frequency scales, subsequent figures use only ERB-rate.
Unsurprisingly, given the citation-form /hVd/ utterances and the single sex of the speakers, each vowel phoneme is fairly well distinguished from the others, with no distributions actually overlapping one another in figures 1 and 2. Wells' and Deterding's data accord well with the appropriate age group in the present set for about half the vowels, notably /i… I ‰… A… U/ and to some extent /u…/. Wells' /u…/, which has the lowest F2 of all groups, is not very different from that of the oldest speakers, 65+, of the present study. Where Wells' or Deterding's data differ from the vowels of the present set, they typically reflect more extreme articulations. In Wells' case in particular, some of these more extreme articulations undoubtedly reflect sound changes since 1962 (e.g. /u…/), but others, in particular /E oe Å Ø/, may reflect a more careful speaking style than that typical of the present study. Typical for the period of his study, Wells (1962) used no fillers, and a single carrier phrase in which the critical word was stressed and utterance-final. Pronunciation in these conditions can be hyperarticulated, especially with untrained speakers. In contrast, as noted above, filler words were included in this study in an effort to distract speakers' attention from the purpose of the task and thus to avoid unusually clear or careful speech, beyond that typical for citation forms. Only two subjects deduced the purpose of the experiment. In summary, the present data seem satisfactorily in accord with those of previous studies. Comments on the rest of these results exclude the data of Wells and Deterding, unless they are explicitly mentioned.
The greatest differences between the four age groups in the mean frequencies of F1 and F2 are for /E oe U u…/. The mean frequencies of /E/ and /oe/ are successively slightly lower in F2 and markedly higher in F1 in each age group from oldest to youngest, consistent with the percept that they are becoming progressively more open with younger speakers. In contrast, the mean frequency of /u…/ has a higher F2 in successive age groups, with F1 unchanged or little changed, consistent with /u…/ sounding progressively more fronted and possibly less rounded with younger speakers. Mean F1 and F2 frequencies of /U/ are similar for all three older age groups, but the youngest group has a rather higher F1 (by about 37 Hz) and a markedly higher F2 (by 300 Hz). This suggests a recent trend for /U/ to sound more fronted and centralized.
Vowels whose mean F1-F2 frequencies are similar in all four age groups include /i… I A… Å O… Ø ‰…/. For /Ø/, older speakers were expected to have lower F2, but do not. In line with the descriptions of Wells (1982: 145) , F1 and F2 of /O…/ were expected to fall with decreasing age, but do not. However, the frequencies of F1 and F2 in Wells' own data in figures 1 and 2 indicate that these changes may have taken place in an age group older than those of the present study, with /O…/ relatively stable in the present groups.
Patterns within individual vowels and age groups
Although the mean group frequencies reflect individual speakers' patterns for most vowels, there are some vowels for which individual variation within groups merits comment. First, some vowels whose group mean frequencies are very similar nevertheless have large individual differences between speakers which are not attributable to age. Figure 3 illustrates this. Whereas in figures 1 and 2 each data point for a particular vowel represents the mean F1 and F2 frequency for a group of speakers, in figure 3 each data point for a particular vowel represents the mean for an individual speaker. The ellipse around the distribution of points for each vowel represents two standard deviations in F1 and F2 ERB-rate, oriented with respect to the slope of the distribution for that vowel. Compared with /i…/ and /O…/, which have relatively little variation in either F1 or F2, the vowel /A…/ has large individual differences in F1. Despite this wide variation in F1 frequencies between individual speakers' /A…/, there is no sign that the differences are related to age.
Second, as noted above, the wide variation in /E oe U u…/ does reflect age-related differences. Figure 4 shows the mean data for each of the five speakers in each age group for these four vowels, again with curves representing two standard deviations surrounding the distribution for each phoneme, as for figure 3. Filled symbols in each panel represent so-called 'break groups', as discussed below.
In figure 4 , the vowel /u…/ exhibits a progressive increase in F2. The lowest mean frequencies are for the two oldest groups, and all but one of the highest F2 frequencies are produced by the five youngest speakers, aged 20-25 years. The one exception, from a speaker in the next youngest group, 35-40 years, is discussed further below in connection with break groups. The fact that individuals in the 20-25 year age group also differ relatively widely amongst themselves in mean F2 suggests that /u…/ is still changing. The same type of pattern is found for /U/, though arguably with less differentiation amongst the older groups. The single high F2 for /U/ (outside the two-standard deviation curve) is produced by the same individual who has the highest F2 in /u…/.
In contrast with these changes in F2, /oe/ shows age-related increases in F1 frequency, with the youngest speakers rather distinct from the others. It seems possible that a similar trend is beginning for /E/, in that most of the highest frequencies are produced by younger speakers.
The third case in which individual differences within age groups diverge from mean trends is perhaps the most interesting. In several vowels which exhibit age-related change, standard deviations in F1 and F2 ERB-rate, calculated from the raw data for that vowel (four repetitions per speaker) rather than speakers' means, and oriented with respect to the slope of the distribution for that vowel. There are large individual differences in F2 frequency for /A…/, and little individual variation for /i…/ and /O…/, but no age-related differences.
means for individuals in one particular age group are more dispersed than for individuals in the other age groups. In such an age group, which we term a BREAK GROUP for any given vowel, some individuals have mean formant frequencies like those of older speakers for that particular vowel, while others have means like those of younger speakers. The spread for a break group thus encompasses at least some of the range of older cohorts and some of the range of younger cohorts, in a vowel for which mean formant frequencies for individuals in the oldest and the youngest cohorts overlap little if at all. Five break groups are indicated by solid symbols for the four vowels in figure 4. Of these, /u…/ and /U/ provide the clearest examples of break groups. For both vowels, individual data points for the 35-40 age group are widely dispersed. In contrast, individuals in each other age group cluster more closely together for those vowels.
Other break groups shown in figure 4 are the 20-25 group for /E/ and both the 50-55 and the 35-40 group for /oe/. As the claimed break group for /E/ is aged 20-25, there is of course no younger group to confirm that this is indeed a break group. However, three of the five 20-25 year olds have F1 frequencies close to the two-standard deviation border (two of them falling outside the border), so it seems reasonable to conclude that this group will prove to be part of a break group for /E/.
A possible instance of a break group is shown for /Ø/ in figure 5: although /Ø/ has relatively little variation in group means (figures 1 and 2 above), figure 5 shows that the youngest age group, aged 20-25, spans that of the others, so may represent the beginnings of a break group for this vowel. Although this observation is extremely tentative, depending on just two individuals in the group (those with the lowest and highest F1 frequencies), it seems worth noting for future studies. There appear to be no break groups for the other three vowels shown in figure 5 , /I Å ‰…/.
Evidence for regional variation
Although all speakers were selected as RP speakers and judged by the second author (a conservative RP speaker) to have no noticeable regionalisms, it is nevertheless possible that regional influences on general RP could underlie some individual differences. For example, the speaker in the 50-55 group who has a very low F1 in /O…/ (figure 3) was born and brought up in Essex, where /O…/ may be pronounced locally as [o…] under the influence of popular London speech (Wells 1982: 310 (Trudgill 1990: 31) . Of the other four speakers in the 20-25 age group, three live in areas where /oe/ is relatively close in the regional variety (Trudgill 1990: 31) . Given phoneticians' observation that RP /oe/ is lowering, and that all speakers were thought to be free from regionalisms, it seems unlikely that /oe/ in these youngest speakers reflects only regionalisms. The most conservative conclusion is that /oe/ in the present data may evidence influences of both age and regional origin: relatively high F1 amongst all young speakers, and highest of all for those whose regional influences support such change.
Discussion
Summary of results
Despite the expected variability between subjects, the means per age group present a clear picture of general tendencies of change in the first two formant frequencies. As expected, it was found that in successive age related cohorts the frequency of F1 tends to be progressively higher in /E/ and /oe/, and that the frequency of F2 tends to be progressively higher in /u…/. F2 in /U/ is much higher on average in the youngest age group than in the other age groups, with F1 slightly higher. Less marked changes were found in other vowels, with none at all apparent for some, most notably /i… Å O…/ (excluding the data of Wells and Deterding) . There are also rather small dispersions for /I/ and /‰…/. These measurements are consistent with impressionistic observations, namely that /E/ and /oe/ generally sound more open for younger compared with older speakers; and that /u…/ and to some extent /U/ sound markedly more fronted and/or less rounded amongst young speakers.
Break groups
The finding with the greatest potential significance in these data is the tentative identification of break groups. When a vowel shows evidence of change between successive generations, it is sometimes possible to identify a particular age group whose members have more dispersed formant frequencies than members of the other age groups. This is the break group for that vowel. Age groups older than the break group are more closely clustered within relatively conservative formant frequency ranges, while age groups younger than the break group are more closely clustered within relatively progressive formant ranges. The term break group was chosen because such groups seem to represent a stage at which the particular vowel quality was presumably changing fast, and individuals in some sense chose to align themselves with more conservative or more progressive pronunciations. If this reasoning is correct, then the identification of a break group should be a good indication of the oldest age group directly affected by an incipient sound-change.
Applying this reasoning to the break groups identified for /E oe u… U/ and possibly /Ø/, the earliest rapid change amongst these monophthongs is for /oe/. However, this vowel is unique in the present data in that the change does not appear to have been as rapid as for the other vowels: two age groups, 50-55 and 35-40, rather than just one, appear to have break-group status, suggesting that this vowel took a relatively long time to settle. The youngest people in the 50-55 age group were born in 1951. This stage in the lowering of /oe/ amongst young speakers presumably began at or slightly before the early 1950s, but not as early as 1936 because speakers in the 65+ category (born in 1936 or before) have the conservative form. Equally, because the speakers in the youngest age group (born in 1976 or after) consistently have the progressive form, the lowered form was presumably reasonably general before 1976; it may have been general long before the mid-1970s. Notice that while three of the youngest speakers' (20-25 years) /oe/ F1 frequencies are entirely comparable with those of the most progressive speakers in the 35-55 groups, the other two 20-25-year-olds have distinctively high F1s for this vowel. Although these data may reflect some regional influences (see section 3.3 above) the implication is nevertheless that whereas lowering in /oe/ seems to have been most rapid at about the middle of the twentieth century, it may still be continuing.
Similarly, the break group for /u…/ and for /U/ is the group 35-40. These vowels probably began to be fronted by some young speakers around 1966 (the latest possible date of birth for the age group 35-40), but not as early as the early-to-mid-1950s (1951 being the latest possible date of birth for the age group 50-55). The change may have been fairly general by or shortly after 1976, the earliest possible date of birth for the age group 20-25. The break group for /E/ appears to be the group 20-25. This implies that /E/ began to fall in some young people's speech at least by 1981 (the latest possible date of birth for the age group 20-25), but not as early as 1966 (the latest possible date of birth for the age group 35-40). It appears that this change is not yet general. However, speakers born after about 1991 can be predicted to have high F1 frequencies for /E/ relative to that of older speakers. The evidence that 20-25 year olds constitute a break group for /Ø/ (figure 5) is very tentative, in as much as all age groups have similar degrees of dispersion for F1. However, the particular pattern exhibited by this youngest age group makes the possibility worth considering in future work, which would ideally include sociophonetic/variationist variables.
The scope of the present study does not allow the existence of break groups to be established beyond doubt, especially as the data set is too small to make statistical analyses worthwhile. However, a priori it seems reasonable to expect the existence of break groups. In the present data, the apparent prevalence of break groups amongst those vowels that show inter-generational change, and the fact that different age groups pattern as break groups for different vowels, combine to suggest that the concept merits further study.
Furthermore, the literature offers supportive evidence. Wells (1982: 237, 293-294) Gordon & Maclagan (2001) , tracking at five-yearly intervals the merging of NEAR and SQUARE vowels in the speech of 14-year-olds in New Zealand, discuss data compatible with a break group for those speakers who were 14 in 1983 and 1988, but not for those who were 14 after that date. Their table 3 shows early instability in the direction of the change. In 1983, most merged word pairs had the SQUARE vowel (32%, compared with 19% merged onto NEAR; 49% were still distinct). But by 1988 the balance had changed so that most merged pairs had the NEAR vowel (41% of the total, compared with 16% merged onto SQUARE and 34% still kept distinct), and this trend has continued so that since 1993 over 70% of the candidate words now have the NEAR vowel, and less than 5% the SQUARE vowel. That is, a reversal in direction of the merge from the SQUARE to the NEAR vowel took place amongst children who were 14 years old in 1983 and 1988 . Five years later (1993 , over 70% of candidate word pairs were not only merged, but merged onto NEAR. Thus, a period of flux was followed by a significant shift to a more settled state that took place within five years.
The identification of break groups has implications for the phonetic study of sound change. In principle, a break group could arise either when individuals within it consistently adopt less or more conservative forms of a particular vowel, or else when individual realisations differ relatively widely (i.e. the vowel quality is unstable) but display a tendency towards a more conservative or more progressive form. To distinguish these two possibilities would require large amounts of data per speaker, and measurement at intervals of no more than five years (Gordon & Maclagan 2001 ), neither of which are possible with the present data. However, since individual speakers do not seem to vary more within break groups than elsewhere, we tentatively conclude that individuals probably adopt a relatively consistent form. More work is needed on this issue, however. Such work should ask whether individuals within break groups tend to cluster into two groups, one more conservative and the other more progressive, or whether their formant frequencies are relatively evenly dispersed across a wider range than older and younger speakers. The answer is not clear from the present data. Future work will also need to take into account the fact that changes may arise for particular words or in particular contexts before they become general (e.g. Wang 1977; Labov 1981 Labov , 1994 Bybee 2002) . A recent example of phonetic conditioning is provided by Warren (forthcoming), who shows that the New Zealand NEAR/SQUARE merger began for vowels preceded by coronal consonants. Future work should be designed not only to establish the existence and nature of break groups, but also to elucidate why an individual member of a break group adopts a conservative or a progressive form. The causes could include both sociological and psychological variables.
Concluding remarks
Measurement of the first two formant frequencies of monophthongal vowels in four age groups of male RP speakers highlights a progressive tendency for F1 to be higher in /E/ and especially /oe/, and for F2 to be higher in /u…/ and /U/. While no change in formant frequency can be attributed to changes in a single articulatory parameter on the basis of acoustic measurements alone, the present data broadly confirm expectations in that they are consistent with auditory observations: /E/ and /oe/ sound more open than formerly, and /u…/ and /U/ sound more fronted and unrounded. The observed changes affect the relationship between /oe/ and /A…/, with F1 higher for the former than the latter in all but the oldest speakers. Although the changes do not involve all peripheral vowels, they can be seen as an anticlockwise shift around the quadrilateral. The data are consistent enough to provide a resource for synthesis and for future comparisons with other accents. The break group merits further investigation. If the evidence for break groups was replicated, and their defining characteristics better understood through use of a broader 'variationist' design than that used here, a next step would be to seek to identify what factors determine whether an individual member of a break group will use a more conservative or a more progressive pronunciation. 
